Introduction The benefit of an operation to remove the primary tumor among patients with synchronous stage IV colorectal cancer is controversial. This study analyzed the survival benefits associated with primary tumor resection among chemotherapytreated stage IV colorectal cancer patients. Methods The study analyzed 11,716 chemotherapy-treated stage IV colorectal cancer patients in the California Cancer Registry between 1996 and 2007, with follow-up through 2009. Patients were stratified into operation and non-operation groups. Estimates of median overall and colorectal cancer-specific survival were generated. Results Patients undergoing operation compared to those who are not had higher median overall and colorectal cancer-specific survival, 21 versus 10 months (p <0.0001) and 22 versus 12 months (p <0.0001), respectively. Patients who were offered surgery but refused had decreased median overall and colorectal cancer-specific survival when compared to patients who underwent resection, 8 versus 21 months (p <0.001) and 7 versus 22 months (p <0.001), respectively. In multivariate regression models, patients who underwent resection of primary tumor had improved overall (hazard ratio (HR), 0.42; 95 % confidence interval (CI) 0.40-0.44, p <0.0001) and colorectal cancer-specific survival (HR, 0.43; 95 % CI, 0.41-0.45; p <0.0001). Conclusion Primary tumor resection is associated with improved survival among stage IV chemotherapy-treated colorectal cancer patients.
Introduction
Colorectal cancer (CRC) is the third leading cause of cancer death in the USA. 1 In 2012, it was estimated that 143,000 new cases of CRC have been diagnosed and 28,000 had metastatic disease at the time of presentation. 1 A small number of patients (approximately 6 %) with metastatic disease present with acute complications related to their primary tumors such as obstruction, significant hemorrhage, and perforation, where an urgent intervention (such as colectomy or diverting colostomy) is needed prior to starting systemic chemotherapy. 2 However, the majority of patients with unresectable metastatic disease do not have symptoms related to the primary tumor that mandate surgical treatment, 3 and the decision whether to resect the primary tumor is controversial. 4 . Research thus far on this topic is mostly limited to small casecontrol or retrospective studies, and the results are conflictingespecially regarding survival. Cirocchi et al. summarized the results of seven studies on survival benefits of non-resection versus resection for asymptomatic primary tumors in patients with unresectable stage IV CRC in a Cochrane database study. 2 Among the studies described were articles by Galizia et al. and Ruo et al., who reported a statistically significant overall survival benefit of 9 versus 16 months and 12.3 versus 15.2 months, respectively, favoring the resection group. 5, 6 Likewise, the Konyalian et al. retrospective study of 109 patients reported a median survival of 375 days for those who underwent resection versus 138 days for those who did not. 7 Other studies, including manuscripts by Scoggins et al., Tebutt et al., Michel et al., and Benoist et al., did not report any significant difference in survival. [8] [9] [10] [11] However, these negative studies were limited by a small sample size and a retrospective approach and were likely not powered to detect survival differences. Although there are two randomized controlled clinical trials underway that have been designed to investigate this topic further, the results will not be available for several more years. In the interim, clinicians have to make decisions about primary tumor resection without clear evidence.
Given the limitations noted in prior studies, we designed a comprehensive survival analysis using data from a large population-based cancer registry over a 12-year time period. The aims of this study were to analyze overall survival (OS) and CRC-specific survival (CRC-SS) associated with operation on the primary tumor versus nonoperative treatment among chemotherapy-treated stage IV CRC patients.
Materials and Methods
This study was performed using data from the populationbased California Cancer Registry (CCR), which is a statewide cancer surveillance program and is also part of the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) Program. Patients' personal information is deidentified and confidentiality is maintained.
In this study, the current CCR database was obtained as an Excel file and imported into the SAS 9.2 statistical software (SAS Inc., Cary, NC, USA) for analyses. Statistical codes were written to create a new subset database for our analysis. Inclusion criteria include the following: (1) stage IV CRC, (2) treatment with chemotherapy, (3) diagnosis between 1996 and 2007 with follow-up through December 31, 2009, (4) age of 20 years or above, and (5) histology codes consistent with CRC primary tumor (see Supplemental Table 1 for a list of the histology codes included). Patients who had contraindications to undergo surgery were excluded using the existing "reason for no surgery" variable in CCR. Other variables analyzed include demographic data such as gender, age, race/ethnicity, socioeconomic status, as well as the type of surgery performed, tumor histology, histologic grades, location of primary tumor, reason for no resection, and survival time. As recorded in CCR, "surgery" is defined as surgery on the primary tumor site, which must occur as part of the first course of therapy within 6 months of diagnosis. The overall survival duration (in months) was calculated using dates of diagnosis and either death from any cause or last contact. Details about chemotherapy such as type, timing, and dosing are unavailable in CCR. The treatment recorded in CCR refers to that received during the first 6 months after cancer diagnosis.
For our data analysis, 11,716 patients who met our inclusion criteria were selected. Patients were stratified into operation and non-operation groups for comparison of clinical characteristics, which were analyzed with Pearson's chisquare test or Fisher's exact test for categorical and dichotomous variables, respectively, and Student's t test for comparison of continuous variables. Estimates of median OS and CRC-SS were generated using the Kaplan-Meier method to compare patients who did and did not undergo surgical resection. A subset univariate analysis was done to compare the median OS and CRC-SS of patients who underwent operation versus patients who refused operation, as well as survival data based on age (greater vs. less than 70 years) and primary tumor site (colon vs. rectal cancer). In addition, multivariate OS and CRC-SS analyses were performed using Cox proportional hazard ratios adjusted for age, gender, race/ethnicity, histology, primary tumor site, surgery, and time period of diagnosis (1996-1999, 2000-2003, 2004-2007 
Results
Surgical resection of the primary tumor was performed in 73.4 % of patients (8,599 of 11,716) ( Table 1) . Partial colectomy was the most frequent type of surgery performed (45.9 %). The median age was 61 years in both the operation and the non-operation groups. Adenocarcinoma was the most common histologic subtype. The proximal/transverse colon was the most likely primary tumor site in the operation group (43.8 %), followed by the sigmoid colon and rectum. The rectum was the most likely primary tumor site in the nonoperation group (36.2 %). The most common reason why the first course of treatment did not include resection of the primary tumor was that an operation was not recommended by the provider (Table 2) . Thirty-eight patients were recommended to have operation but refused ( Table 2) . In the full regression model, surgical resection of the primary tumor was associated with a statistically significant improvement in OS (hazard ratio (HR), 0.42; 95 % CI, 0.40-0.44; p <0.0001) ( Table 3 ). In this model, age ≥70 years was associated with decreased overall survival compared to patients <70 years of age. Hispanic ethnicity was observed to have improved overall survival compared to Whites (8 % decreased risk of death from any cause). Proximal and transverse colon cancer subsite locations were associated with poor survival compared to descending, sigmoid, rectosigmoid, and rectal cancers. In addition, diagnosis of CRC in later time periods (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) was associated with improved overall survival compared to that in earlier periods (1996) (1997) (1998) (1999) .
Similar results were observed in the multivariate model for CRC-SS (Table 3) . Resection of the primary tumor was associated with improvement in CRC-SS (HR, 0.43; 95 % CI, 0.41-0.45; p <0.0001). In the CRC-SS model, both Asian and Hispanic ethnicities were observed to have improved CRC-SS compared to Whites.
Subset analyses were performed based on tumor subsite location within the colorectum for colon (proximal, transverse, sigmoid, descending) and rectal cancers (rectum, rectosigmoid). Similar to the primary findings for all CRC patients combined, survival estimates were significantly improved for the resection group versus the non-resection group among colon cancer (OS 
Discussion
In this study, we observed that chemotherapy-treated stage IV CRC patients who have undergone resection of the primary tumor had significantly improved overall and CRC-specific survival compared to those who did not undergo primary tumor resection. The magnitude of benefit from operation in this setting was substantial as we observed a nearly 60 % decreased risk of death in the OS and CRC-SS analyses after adjusting for relevant clinical factors. Additionally, in this study we compared outcomes of patients who underwent operation on the primary tumor to those who were offered operation but refused it as the latter group likely had limited comorbidities and adequate performance status such that they would be offered operation in the first place. Interestingly, among chemotherapy-treated stage IV patients, compared to patients receiving operation on the primary tumor, survival outcomes were poor for those who were offered but refused operation. patients presenting with stage IV CRC underwent primary tumor resection. 12 In all age groups, patients undergoing resection had higher median and 1-year survival rates (colon: 11 vs. 2 months, 45 vs. 12 %, p <.001; rectum: 16 vs. 6 months, 59 vs. 25 %, p <.001) when compared with patients who did not undergo resection. However, chemotherapy use is not available in SEER, so the authors could not account for the role of chemotherapy in explaining these survival differences. A possible explanation for their observed results is that patients not receiving surgery were also not treated with chemotherapy, and so in fact their results compare "treated" versus "non-treated" stage IV CRC patients. Here, we limited our analyses to chemotherapy-treated stage IV CRC patients, and a substantial survival advantage of primary tumor-directed operation was observed.
Our findings are consistent with several previous reports. Ruo et al. conducted a single-institution retrospective study from 1996 to 1999 during which 127 patients underwent upfront resection and 103 had no resection. 5 They found that resected patients had significantly prolonged median survival (16 vs. 9 months, p <0.001) and 2-year survival (25 vs. 6 %, p <0.001) compared to patients who were never resected. In addition, Galizia et al. reported on a single-institution retrospective analysis of 64 patients and also found a significantly improved survival in the resection group compared to the nonresection group (15.2 vs. 12.3 months, p =0.003). 6 Konyalian et al. reported a median survival benefit of 375 versus 138 days in patients who underwent resection, with a HR of 0.34, 7 compared to our findings of an HR of 0.42 (overall survival).
As noted previously, conflicting data exist. In a retrospective review of the Vanderbilt University Hospital tumor registry from 1985 to 1997, 66 metastatic CRC patients had resection and 23 did not. The median survival of the nonresection group was 16.6 months versus the resection group's 14.5 months (p =0.59). 8 Similarly, in another retrospective study, Tebbutt et al. reviewed 362 metastatic CRC patients treated at a UK hospital from 1990 to 2000, during which 280 patients underwent upfront resection and 82 had nonoperative management, and survival rate was noted to be 14 versus 8.2 months, respectively, but not statistically significant. 9 It should be noted that each of these studies is limited by low numbers of patients and likely has insufficient power to detect survival differences.
We chose a time period of diagnosis beginning in 1996 because it reflects a major transition in the treatment of metastatic CRC. Irinotecan was introduced in 1996; oxaliplatin, bevacizumab, and cetuximab in 2004; and panitumumab in 2006. 13 Therefore, the time period of 1996 to 2007 captures the patient population treated with modern chemotherapy regimens, although it is acknowledged that the CCR database does not report the specific chemotherapy patients received.
A subset analysis was done for elderly patients, defined as age ≥70 years. We observed that even for these patients, there were statistically significant overall and CRC-specific survival improvements associated with surgical operation.
Patients who refused resection had significantly improved median OS and CRC-SS compared to patients who did not undergo resection. One possible explanation is that the patients who were recommended to undergo tumor resection generally might have better performance status, less comorbid conditions, and less disease burden compared to patients who did not undergo resection, and therefore have survival advantage. However, it is important to note that patients who were offered surgery were likely healthier than patients not offered surgery in terms of performance status and comorbidities. Furthermore, even those patients who "refused surgery" were likely different from those who accepted surgery, and analysis of population-based cancer registry data cannot account for such residual confounding.
The biological basis of improved survival attributed to resection of primary tumors among patients with stage IV CRC is unknown. Beyond "debulking" of overall tumor load, the primary tumor may have unique attributes that support tumor progression. For example, primary tumors frequently exhibit higher genetic variability than metastases and, therefore, may have greater capacity to generate new metastatic clones selected for resistance to ongoing therapies. [14] [15] [16] . Recent reports have shown that among stage IV CRC patients who have an asymptomatic primary tumor, leaving the primary tumor intact did not cause unacceptable complications, and survival was not significantly compromised. 17, 18 This is reflected in the current National Comprehensive Cancer Network guidelines, which recommend leaving the primary tumor intact and starting systemic chemotherapy first unless there is any obstruction, hemorrhage, or perforation that warrants urgent intervention. 19 This approach has now been widely adopted as a common practice. Therefore, if the association of primary tumor resection and survival benefits is confirmed in future studies, it could significantly change the way clinicians manage primary tumors among metastatic CRC patients.
In this report, Hispanic ethnicity was independently associated with improved survival compared to Whites. Members of our group have previously reported that among CRC patients of all stage in the CCR, Hispanics had an 8 % decreased CRC-specific mortality compared to Whites after adjusting for age, gender, stage, histology, site within the colorectum, socioeconomic status, and treatment rendered. 20 Explanations for these epidemiologic observations are unknown and could be the subject of future investigations.
Our study has the advantage of being a large populationbased analysis of chemotherapy-treated patients with metastatic CRC in California, which offers sufficient power to address the study question. However, several limitations exist. CCR lacks information on patient performance status, indications for surgery, level of tumor burden, comorbid conditions, as well as the specific type (s) of chemotherapy agents received. One cannot determine from CCR data if patients had symptoms related to their cancer prior to surgery. Consistent with other large population-based analyses, pathologic confirmation of tumors is done at the local level, and there was no central pathologic review for the current analysis.
In summary, we report that resection of the primary tumor among chemotherapy-treated stage IV CRC patients is associated with improved OS and CRC-SS. Due to the study's limitations, randomized controlled trials are still needed. Two randomized studies, SYNCHRONOUS (German Intergroup, 800 CRC patients) 21 and CAIRO4 (Dutch Colorectal Cancer Group, 360 colon cancer patients) 22 , are currently underway. We anxiously await the results of these trials and hope that they will provide valuable insights on the benefits of primary tumor resection among metastatic CRC patients. 
